BACKGROUND: Patient discharge from the hospital is linked to physician-led rounds, whereas discharge from the emergency department (ED) is more fluid. The relationship between rounding and length of stay (LOS) has not been quantitatively described.
OBJECTIVES:
To describe the arrival and discharge patterns in the ED and inpatient settings for children with respiratory illnesses and to explore how the timing and frequency of rounding could impact LOS.
DESIGN/SETTING:
Retrospective administrative data analyses of visits for respiratory illnesses to a tertiary care pediatric ED from May 2007 to April 2010.
METHODS: ED visits for common respiratory conditions
were selected based on International Classification of Diseases, 9th Revision, Clinical Modification codes, excluding complex comorbid conditions, severe illness, and intensive care unit admission. Discharge time was plotted against arrival time for the ED and inpatient unit. LOS was calculated. A Monte Carlo simulation model was developed to explore the influence of additional rounds on inpatient LOS.
RESULTS:
Of the 5503 included visits, 1285 (23.4%) resulted in inpatient care. Discharges from the ED typically occurred 2 to 5 hours after arrival, whereas most inpatient discharges occurred between 11 AM and 6 PM regardless of admission time. Simulating 1 additional rounding session decreased predicted inpatient LOS by approximately 5 hours.
CONCLUSIONS:
In contrast to ED discharges that occurred around the clock, inpatient discharges for children with respiratory illnesses were concentrated during afternoon hours. Increasing rounding frequency may improve hospital efficiency but could result in unintended consequences such as fewer opportunities for patient education. Hospitals are facing growing pressures to operate more efficiently, spurring interest in improving patient flow from the emergency department (ED) to inpatient unit to home. Children's hospitals are often at high occupancy, 1 and EDs are increasingly an entry point for hospital admission. 2, 3 Among children who require brief episodes of hospital-based care, hospital processes, especially those associated with discharge, can greatly impact length of stay (LOS). Patients ready for discharge from inpatient units are typically identified through formal physician-led rounds, in contrast to EDs where discharges occur on a more continual basis. Quantitative descriptions of rounding frequency and LOS are lacking.
The focus of this study was the population of children who had visits for select respiratory illnesses (e.g., asthma, bronchiolitis, pneumonia, and croup) for which there is general consensus regarding treatment, admission, and discharge criteria. [4] [5] [6] [7] The selected illnesses represent common reasons for ED visits 8 and hospitalizations. 9 Hospital stays for these conditions tend to be brief, often 1 to 2 days in duration, 10 and repeated assessments are necessary to determine suitability for discharge.
The primary objectives of this study were to compare discharge patterns in the ED and inpatient settings and to quantify the relationship between discharge timing and LOS in these different clinical settings. A simulation was then used to predict the effect of the timing and frequency of physician-led rounds on hospital LOS. We hypothesized that increased frequency of simulated physician-led rounds would lead to meaningful reductions in predicted hospital LOS for children admitted from the ED.
METHODS
Retrospective analyses were conducted using hospital administrative data from pediatric ED visits and resultant inpatient stays. The University of Michigan Institutional Review Board approved the study. Visits were excluded if the hospital discharge diagnoses included ICD-9-CM codes determined a priori by the study team to represent severe illness (e.g., respiratory failure) or complicated medical conditions (e.g., ventilator dependence) unlikely to respond to short stay care (see Supporting Appendices 1 through 3 in the online version of this article). ED visits that resulted in an admission to the intensive care unit (ICU), a procedure, or telemetry were excluded because these children would be unlikely to respond to short stay care.
Variables
Subject demographic characteristics included age, gender, race, and payer. Visit-related variables included date and time of ED arrival, date and time of ED disposition (to home or admission), and date and time of hospital discharge if admitted. Arrival date and time were used to determine season (winter: DecemberMarch, spring/summer: April-August, fall: SeptemberNovember) and shift (day: 8 AM24 PM, evening: 4 PMmidnight, night: midnight-8 AM).
Outcome LOS was the primary outcome. ED LOS was calculated by subtracting the date and time of ED arrival from the date and time of ED disposition. Inpatient LOS was calculated by subtracting the date and time of arrival to the inpatient unit from the date and time of discharge from the hospital admission, discharge, transfer (ADT) system. Total LOS was calculated by subtracting the date and time of ED arrival from the date and time of discharge from either the ED or hospital as appropriate.
Analyses
Descriptive statistics were calculated for patient demographics and actual LOS. To describe discharge timing patterns in the ED and inpatient unit, 24 3 24, 576-cell matrices were produced with arrival hour along a horizontal axis and discharge hour along a vertical axis. Visits were grouped by hour of ED or inpatient arrival and the number of these visits that were discharged in each hour was plotted in the appropriate cell in the matrix. Cells were then shaded according to the proportion of discharges that occurred at that hour, for each hour of arrival.
Finally, Monte Carlo simulations were designed to illustrate the impact of the timing and frequency of rounds on inpatient LOS. Historical arrival rates were utilized in the simulations. Because medication administration times were not available in the dataset, active treatment times were fixed at 12 hours and 20 hours. The fixed treatment time of 12 hours was based on research by McConnochie et al., 11 which found that roughly 65% of children hospitalized for asthma received frequent nebulized treatments for 16 hours (two 8-hour nursing shifts). Four hours were subtracted from this treatment time because our sample included ED treatment times, and local experience demonstrates that children receive at least 4 hours of ED treatment prior to transfer to an inpatient bed. The 20-hour fixed treatment time was selected to simulate a sicker population of children.
We assumed that physician-led rounds were the decision point leading to hospital discharge, and that, at minimum, rounds occurred once each morning. The simulation began with 1 physician-led rounding session occurring at 9 AM. Rounding sessions were then added to the model up to a maximum of 24 hourly rounds. Rounding every hour was considered to be analogous to the 24-hour operation of an ED, in which patients are discharged at all hours. A 4-hour lag time between the start of first morning rounds and patient discharge was assumed based on historical discharge times. The lag time for additional rounding times was varied, from a minimum of 2 hours for afternoon rounds to a maximum of 10 hours for evening rounds to allow the patient to sleep. Each simulation completed 10,000 iterations and 95% confidence intervals (CIs) were calculated. All analyses were conducted in Excel 2010 (Microsoft Corp., Redmond, WA).
RESULTS

Study Sample Characteristics
Of the 57,639 pediatric ED visits during the 3-year study period, 5699 were diagnosed with respiratory conditions considered eligible for this study, and 5503 (96.6%) were included in analyses. Hospitalization was the outcome for 1285 (23.4%) ED visits. Demographic characteristics of the study sample are presented in Table 1 . Almost half of the visits were by children <3 years old. Visits for respiratory conditions peaked in the fall and winter months. Daily peaks in ED arrivals occurred in the late afternoon. Figure 1 illustrates the relationship between the ED arrival and disposition times for all included visits. Figure 2 illustrates the relationship between the inpatient arrival and discharge times among the subset of visits that received inpatient care. Children with respiratory illness arrived to the ED at all hours of the day and night and generally were discharged 2 to 5 hours after arrival regardless of the time of day. In contrast, children admitted to the inpatient setting were most commonly discharged between 11 AM and 6 PM, regardless of the time of admission.
Length of Stay
For visits meeting study criteria, median ED LOS was 3.and discharged on the same day, 37.3% were admitted for 1 night, 27.0% were admitted for 2 nights, and 27
Arrival and Discharge Patterns
Simulation
The influence of timing and frequency of rounds on inpatient LOS is shown in 
FIG. 1.
Arrival versus discharge hour for respiratory patients in the emergency department. Each cell in the matrix indicates the number of discharges that occurred at a given hour (rows) for each hour of arrival (columns). Within each column the values total the number of arrivals for each hour of the day. Cells were shaded according to the relative proportion of visits that were discharged at a given hour within the group of visits with the same arrival hour. The darkest gray shading indicates the highest proportion of discharges for that arrival hour; the lightest gray shading indicates the lowest proportion of discharges for that arrival hour. Cells that have no discharges for an arrival hour do not have any shading.
DISCUSSION
Our study illustrates dramatic differences in the discharge patterns from the ED and inpatient settings for children with respiratory illnesses. Although discharges from the ED occur at all hours, inpatient discharges were concentrated during midday. The time of discharge from the ED was highly related to the time of arrival, implying that any lag between discharge decision making and discharge was independent of time of arrival. The absence of a clear relationship between inpatient discharges and arrivals suggests that factors other than the clinical status of patients affect hospital LOS. Because physician-led rounds have traditionally been the point of decision-making regarding inpatient discharge readiness, we hypothesized that increasing the frequency of rounds could reduce LOS. Within the parameters set in our simulation models, our results support this hypothesis. As the number of rounding sessions increased, hospital LOS decreased and the amount of time a child waited to be identified as ready for discharge approached zero. Simulating hourly rounding, analogous to the ED setting, resulted in the greatest reductions in inpatient LOS. Our findings have important implications for hospital operations and discharge policies given that children with respiratory conditions commonly experience short stay hospitalizations, 12, 13 but few children's hospitals have put in place models of care that differentiate the needs of short stay patients from those of inpatients requiring longer LOS.
14 To operationalize inpatient discharges as soon as a child is well enough to go
FIG. 2.
Arrival versus discharge hour for respiratory patients in the general care unit. Each cell in the matrix indicates the number of discharges that occurred at a given hour (rows) for each hour of arrival (columns). Within each column the values total the number of arrivals for each hour of the day. Cells were shaded according to the relative proportion of visits that were discharged at a given hour within the group of visits with the same arrival hour. The darkest gray shading indicates the highest proportion of discharges for that arrival hour; the lightest gray shading indicates the lowest proportion of discharges for that arrival hour. Cells that have no discharges for an arrival hour do not have any shading. home, parental expectations for discharge timing would need to be set, and discharge planning would need to begin at the start of each hospital stay. Although there have been numerous studies on ED crowding, its causes, and potential solutions, [15] [16] [17] [18] [19] [20] this study is the first to our knowledge to demonstrate differences in discharge timing between the ED and inpatient general care unit. High levels of hospital occupancy decrease patient flow in both ED and inpatient units. [21] [22] [23] [24] [25] Shifting inpatient discharge for adult patients to earlier in the day can reduce or eliminate inpatient boarding in the ED. 26, 27 Evaluation of these relationships in pediatric populations are needed because of the unique care requirements of acutely ill children who often respond rapidly to hospital-based treatment. In a recent opinion piece, Iantorno and Fieldston discourage hospitals from setting specified time targets for discharges and propose that highquality care includes afternoon and evening discharges. 28 The optimal timing for hospital discharges has not yet been defined, but our results indicate there is potential to reduce excess time spent in hospitals through the addition of rounds that would identify discharges throughout the day.
A simulation study based on hospital administrative data cannot determine a causal relationship between physician-led rounds and hospital LOS. Still, our findings can generate discussions about hospital discharge policies and patient throughput initiatives. Hospitals can simulate other approaches that may apply to their institutional operations, such as changing rounding processes or adding an observation unit where discharges occur after hours. Hospitals could then pilot approaches locally. With the potential for unintended consequences of patient throughput initiatives that focus only on LOS as an outcome, pilot programs should be designed to track not only ED and inpatient LOS but also family satisfaction, access to follow-up visits in primary care, need for reassessment in urgent care centers and EDs, and hospital readmissions.
The feasibility and acceptability of afternoon and evening rounds to improve patient throughput must be considered. Clinicians caring for hospitalized patients may have competing demands on their time, such as other clinical obligations, committee work, or academic pursuits that would make more frequent rounding unattractive. Physicians-in-training in teaching hospitals have educational requirements and dutyhour restrictions that may limit their ability to round more frequently. 29, 30 There is also a need to define reasonable minimum standards for discharge processes (e.g., provision of patient education, discharge medications, and paperwork) for short-stay patients and those requiring prolonged and/or complex hospitalizations. Streamlined discharge processes for short-stay patients with simple illnesses may result in more efficient discharges. More efficient hospital discharges at flexible hours that are acceptable to families may require a culture shift among hospital staff. Although the palatability of off-hours inpatient discharges has not been explored with patients and families, some may prefer this approach.
Limitations
There are several limitations to our study. First, the time of discharge is recorded differently for the ED and inpatient settings in our administrative dataset as a function of the electronic medical record systems in these 2 environments. Discharge from the ED reflects that time the patient left the ED but discharge from the inpatient setting reflects the time the patient exits the hospital ADT system. This likely biases our results toward longer LOS in the inpatient setting. We expect this would shift the band of inpatient discharges later in the day but do not expect this to alter the observed difference in discharge patterns between the ED and inpatient settings.
Second, administrative data do not provide information about the physicians making the discharge decisions or valid reasons a child would remain in the hospital after they improved clinically including time for teaching or care coordination. Our results therefore overestimate the amount of "excess time" associated with inpatient care. Future research is needed to determine the actual duration of time between when a child is clinically well enough for discharge home and when a child is actually discharged. There is also a need to understand discharge decision making and to identify the nonclinical factors that contribute to discharge delays.
Third, our data sample was taken from visits made by children to a pediatric ED nested within a general ED where children are admitted to an adjoining tertiary care academic children's hospital. Our results may not be generalizable to other settings in which children receive hospital-based care, including freestanding children's hospitals and general hospitals that admit children.
Fourth, we focused our analyses on children with respiratory conditions, excluding visits with diagnoses suggestive of complex comorbid conditions and severe illnesses. Although we anticipate that children with these respiratory conditions treated in other hospitals will be similar to our population, our results may not hold for other conditions or across the full spectrum of severity for acute respiratory illness treated within EDs and inpatient units.
Finally, our simulation model makes assumptions, such as a fixed treatment times and discharge process length, which do not capture the clinical nuances of an individual child's response to hospitalbased treatment. Though much of the clinical complexity of hospital operations is not taken into account in the model, our intended purpose, to explore the influence of different rounding times on LOS, remains valid.
